The surgical treatment of ventricular septal defect associated with aortic insufficiency was performed in 4 patients. Each case report was presented. The ventricular septal defect was closed first usually with buttressed mattress sutures without a patch in order to shorten the duration of myocardial anoxia. The aortic clamp was released intermittently with cardiac massage to resuscitate the heart. Simple closure of ventricular septal defect by itself improved aortic regurgitation in 2 cases. Resuscitation was impossible with cardiac massage and counter shock in 2 cases and a Starr-Edwards aortic prosthesis was implanted under intermittent or continuous coronary perfusion. One patient died in respiratory and renal insufficiency and the other survived. The authors discussed their present concepts regarding indication for operation and principle of operative procedure. HE after birth and had been cared not to do physical exercise after school age. He had had episodes of precordial pain especially during night since 2 months prior to admission and was referred to the University Hospital as a suspected case of patent ductus arteriosus. Physical examination revealed an under-developed and under-nourished child (height: 124.7 cm., body weight: 22 Kg.). The precordium was protuberant and thrills were palpable. A grade 5/6 continuous murmur with systolic accentuation was best heard at the left sternal border in the third intercostal space and diastolic murmur at the apex (Fig. 1) . Systolic murmur radiated well to the carotid artery which presented prominent impulse demonstrating Corrigan's pulse. No cyanosis was noted. The blood pressure was 120/0 mm.Hg.
Even after digitalization he had 3 episodes of paroxysmal dyspnea which was relieved by oxygen tent. At those times the recorded blood pressures ranged from 160/0 to 170/0 mm.Hg. Roentgenograms of the chest showed marked cardiac enlargement, predominantly of the left ventricle, with increased vascularity of the lung fields (Fig. 2) . The cardio-thoracic ratio was 71 per cent. The electrocardiogram revealed marked left ventricular hypertrophy (Fig. 3) .
Hemoglobin was 12.4 Gm./100 ml., erythrocyte count 4.59 million per cu. mm., hematocrit 37.5 per cent, CRP negative and ASLO under 100 Todd units. Nasal culture revealed normal flora.
Cardiac catheterization showed a left-to-right shunt in the right ventricle without hypertension in the right heart (Table I) . Retrograde aortography showed regurgitation of dye into the left ventricle (Fig. 4) . Although dye was not clearly seen in the right ventricle, it was definitely observed in slight degree in the pulmonary artery.
Operation was performed utilizing a median sternotomy, under the preopera- physical exercise owing to palpitation with exercise. Physical examination: Height was 149.5 cm. and body weight 33 Kg. No cyanosis was noted. The precordium was protuberant, and thrills were most palpable at the left sternal border in the 2nd intercostal space (Fig. 5) . A grade 5/6 continuous murmur with systolic accentuation was heard at the same place and the systolic murmur radiated to the neck where prominent pulsation was visible. The blood pressure was 140/0 mm.Hg.
The chest roentgenogram showed left ventricular enlargement with increased vascularity of the lung field. The cardio-thoracic ratio was 61 per cent (Fig. 6) . The electrocardiogram revealed marked left ventricular hypertrophy (Fig. 7) . Hemoglobin was 13.3 Gm./100 ml. erythrocyte count 4.64 million per cu. mm., hematorcit 40.5 per cent and CRP negative.
Retrograde acrtography demonstrated aortic regurgitation and confirmed the diagnosis of ventricular septal defect with aortic insufficiency (Fig. 8) .
Operation was performed as in Case 1. The operative findings were almost same in the position and size of ventricular septal defect and the state of prolapsed aortic leaflet. The ventricular septal defect was sutured with 5 mattress sutures with Teflon pledgets. Cardiac resuscitation could not be obtained after release of aortic occlusion. Accordingly, an aortotomy was made, and a coronary perfusion cannula was inserted into the left coronary ostium for continuous perfusion. A Starr-Edwards aortic prosthesis (9A) was sutured excising the aortic valve including the right coronary cusp which was thickened and prolapsed into the left ventricle below other cusps. The cardiopulmonary bypass lasted 90 min. at a flow of 2,000 Physical examination: Height was 131.7 cm. and body weight 26.7 Kg. No cyanosis was noted. There was a grade 5/6 systolic and grade 3/6 diastolic murmur, accompanied by a thrill, maximal at the left sternal border in the third intercostal space. The diastolic murmur was weaker than that in Cases 1 and 2. The blood pressure was 130/40 mm.Hg. The chest roentgenogram showed the cardio-thoracic ratio of 54 per cent and slightly increased vascularity of the lung field (Fig. 10) . The electrocardiogram revealed marked left ventricular hypertrophy (Fig. 11) . Cardiac catheterization showed a left-to-right shunt in the right ventricle without pulmonary hypertension (Table I ). There was regurgitation of dye into the left ventricle in retrograde aortography (Fig. 12) , but milder than in Case 1 and 2. 
DISCUSSION
The incidence of association of aortic insufficiency in ventricular septal defect is reported to be almost 5 per cent. The 4 patients comprising the present series were observed during a period in which 74 patients with ventricular septal defect were operated at this University Hospital (Table II) . Thus, the incidence of the association is about 5.4 per cent.
This association was described early by Laubry et Pezzi1) and Laubry, Routier et Soulie.2) Since around 1950, the difficulty inherent in the differential diagnosis to patent ductus arteriosus has been emphasized.3),5),6) However, more recently the diagnosis has become not difficult with angiocardiography if it is suspected. The ventricular septal defect associated with aortic insufficiency is mostly situated immediately beneath the pulmonic valvular ring. The size ranges usually from 1 to 2 cm. in diameter. According to Dubost's review6) of 62 patients, the incidence of prolapsus of each aortic cusp is: right coronary cusp 51 per cent, non coronary cusp 20.8 per cent, right and non coronary cusp 9.7 per cent, left coronary cusp 1.6 per cent and undetermined 16.3 per cent, and a right coronary cusp is most frequently affected. Intracardiac digital exploration in a beating heart reveals an aneurysmally dilated affected aortic cusp herniated into the right ventricle partly occluding the septal defect with a relatively narrow jet flow around it. The affected aortic cusp is thickened, deformed and prolapsed into the left ventricle. Perforation of sinus of Valsalva rarely occurs. Calcification of the cusp is very rare. The ascending aorta is not so dilated as in acquired aortic insufficiency, however, the dilatation and hypertrophy of left ventricle are marked. Infundibular pulmonary stenosis is known to be accompanied, and 9 of the 18 cases in Keck's series7) had infundibular pulmonary stenosis. It was recognized in our patients that a right coronary cusp was prolapsed in Cases 1 and 2, however, none had infundibular pulmonary stenosis.
In catheterization of the right side of the heart, severe pulmonary hypertension is rare and pulmonary systolic pressure is mostly under 50 mm.Hg. The magnitude of the left-to-right shunt is relatively small. In 30 cases reported by Keck7) and Halloran,8) Y/Qpa under 29 per cent were 4 cases, 30 to 39 per cent 7 cases, 40 to 49 per cent 7 cases, 50 to 59 per cent 5 cases and 60 to 69 per cent 3 cases. In our patients, Y/Qpa was around 50 per cent, though arterial oxygen saturation was low and the data were somewhat inaccurate. The electrocardiogram shows marked left ventricular hypertrophy which is consistent not with the hemodynamic degree of ventricular septal defect, but with aortic insufficiency.
The development of aortic insufficiency is usually recognized with the appearance of a diastolic murmur along left sternal border in the follow-up observation of ventricular septal defect. Ash described already in 1950 that a case of ventricular septal defect who had been observed since 3 months of age suddenly fell into cardiac failure, and the pure systolic murmur up to that time had changed to a continuous murmur. Starr9) reported the development of aortic insufficiency at the age of 6 and 8 in his 2 operated cases. Later Spencer10) reported its occurrence at the age of 4, 5 and 6 in his 3 operated cases, and Hollan described that aortic insufficiency occurred from 21/2 to 9 years of age at an average age of 6 years in 8 of the 12 observed cases. In our patients, 
